Stream water quality can be greatly influenced by changes in agricultural practices, but studies of long-term dynamics are scarce. Here we describe trends over 21 yr in nutrients and suspended sediments in three streams in a Midwestern US agricultural watershed. During this time, the watershed experienced substantial changes in agricultural practices, most importantly a pronounced shift from conventional to conservation tillage. In the 1990s and early 2000s, NH 4 , soluble reactive P, and suspended sediment concentrations (standardized for discharge and season) each declined significantly (>4-12% per year) in at least two of the three streams (P < 0.01), whereas NO 3 changed relatively little. However, since the early 2000s, declines in NH 4 and sediment concentrations have slowed, soluble reactive P concentrations have not declined and may actually have increased, and NO 3 concentrations have declined sharply. The more recent lack of decline in soluble reactive P coincides with a plateau in the prevalence of conservation tillage and may be because of increased soil P stratification due to long-term reduced tillage. The more recent decline in NO 3 may be due to improved efficiency of N fertilizer use, increased soil denitrification, and/or declines in atmospheric N deposition. Our study shows that stream concentrations of N, P, and sediment can respond in contrasting ways to changes in agriculture, and that temporal trends can moderate, accelerate, or reverse over decadal timescales. Management strategies must consider contrasting temporal responses of water quality indicators and may need to be adaptively adjusted at scales of years to decades.
I n the decades after the passage of the Clean Water Act, spatially variable but generally significant improvements in water quality occurred, largely associated with reduction of point sources of nutrients (Alexander and Smith, 2006) . However, nonpoint sources still contribute most nutrients to water bodies (Carpenter et al., 1998; Dubrovsky et al., 2010; Kleinman et al., 2011; Oliver et al., 2017) , nutrient concentrations remain high, and negative impacts on aquatic ecosystems persist (Brown and Froemke, 2012) . Ongoing management efforts to reduce nonpoint agricultural runoff include taking marginal farmland out of production and adoption of tillage and fertilizer techniques that reduce water quality impacts but maintain production (Spiertz, 2010; Fixen et al., 2015) . However, the watershed-scale effects of these practices are uncertain, difficult to quantify, and slow to manifest (Kleinman et al., 2011; Tomer and Locke, 2011; Brown and Froemke, 2012; Garcia et al., 2016) .
Conservation tillage has been implemented widely over the past ~30 yr (Horowitz et al., 2010) , including in the Midwest United States, where rapid adoption occurred in the early 1990s (Supplemental Fig. S1 ). Since then, conservation tillage has plateaued at ~55 to 65 and 35 to 40% of planted area for soybeans [Glycine max (L.) Merr.] and corn (Zea mays L.), respectively. Simultaneously, other relevant changes are taking place, including changes in fertilizer management, expansion of precision agriculture (Schimmelpfennig, 2016) , and reduced atmospheric N deposition (Eshleman et al., 2013) .
Trends in conservation tillage have been associated with variable responses in stream sediment and nutrients (Renwick et al., 2008; Johnson et al., 2009; Baker et al., 2014) . Water quality trends in Lake Erie tributaries in Ohio are particularly well documented; there, soluble (dissolved) reactive P (SRP) and total P concentrations declined sharply in the 1980s when the transition to conservation tillage largely occurred (Stow et al., 2015) . In contrast, in southwest Ohio (our study area), changes in tillage practices occurred later and associated water quality responses were more rapid than changes in Erie tributaries (Renwick et al., 2008) . More broadly, during this period, concentrations in Midwestern rivers showed mixed trends, including both increases and decreases in nutrients in agricultural areas (Renwick et al., 2008; Johnson et al., 2009; García et al., 2016) .
Increased nutrient concentrations were particularly common in the central Corn Belt region (Lurry and Dunn, 1997; Alexander and Smith, 2006) . More recently, SRP concentrations have increased while NO 3 concentrations have decreased in streams in the Lake Erie drainage, during a period when conservation tillage remained prevalent but stable in extent (Michalak et al., 2013; Baker et al., 2014; Stow et al., 2015) . The increase in stream SRP seems to be associated with higher P concentrations in the surface layer of soils that are not tilled; this soil "P stratification" increases SRP concentration in surface runoff (Michalak et al., 2013; Baker et al., 2017) . A related mechanism is that P applied in fertilizers and manure to nontilled soils becomes dissolved at the soil surface, rather than being incorporated into the soil matrix as it might be under conventional tillage (Kleinman et al., 2011) . Finally, reduced tillage can create soil macropores that provide conduits for nutrient runoff to tile drains (Smith et al., 2015) .
Earlier we reported on nutrient and sediment concentrations in three streams in an agricultural watershed in southwest Ohio, during a time when conservation tillage increased greatly (Renwick et al., 2008) . During this 13-yr period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , we observed significant declines in NH 4 , SRP, and suspended sediment (SS) concentrations, but little change in NO 3 . Here we extend these analyses to 21 yr and show that the trends we reported for the 1990s and early 2000s changed in the second decade of our study. This suggests that effects of conservation tillage on water quality vary with temporal scale and across different constituents (i.e., N, P, or sediment).
Materials and Methods

Data Collection
The Upper Four Mile Creek (UFMC) watershed in southwestern Ohio and southeastern Indiana is ~80% agriculture (Cropscape data; Han et al., 2012 ; also see the supplemental material), primarily corn and soy cropland (Supplemental Fig. S2 ; Vanni et al., 2001; Renwick et al., 2008) . The watershed drains into Acton Lake, a eutrophic reservoir with high concentrations of nutrients, inorganic sediments, and phytoplankton (Vanni et al., 2005) . We use USDA data to characterize crop types and animal populations (USDA-NASS. 2017). Tillage and crop types within the watershed have been monitored since 1989 using a point sample method in which each of 85 points are visited in most years early in the growing season, and crop and tillage types recorded (Renwick et al., 2008) .
We have quantified streamflow and the concentrations of NH 4 , NO 3 , SRP, and SS in three streams (sub-watersheds) since 1994. The three sub-watersheds have very similar land use but vary 10´ in area, together comprising 86% of the UFMC watershed. Four Mile Creek, Little Four Mile Creek, and Marshall's Branch drain 12,875, 8700, and 1206 ha, respectively. Stream discharge was measured at 10-min intervals using pressure transducers installed in stilling wells (Vanni et al., 2001; Renwick et al., 2008) . Water samples for nutrients and SS were collected using ISCO samplers at 6-to 8-h intervals. During storm events, all samples were processed, whereas two to four samples per week were processed during baseflow. The sampling program was designed to capture short-term dynamics in concentrations, which change rapidly during storm events (Vanni et al., 2001 ), and to be consistent for quantifying long-term dynamics. Concentrations of nutrients (NH 4 , NO 3 , and SRP) and SS were analyzed with standard methods throughout the study period (Renwick et al., 2008 ; see the supplemental material for details).
Statistical Analyses
To thoroughly examine for trends in concentrations, we used multiple analyses, including exploratory and modeling techniques (Wasserstein and Lazar, 2016) . Exploratory analyses were performed through an assortment of visualizations on the raw data, monthly means of the log 10 -transformed concentrations, and residuals from a locally weighted scatterplot smoothing (LOWESS) regression where the monthly mean discharge is a predictor on the monthly mean concentration.
Hypothesis testing for trends in time series is difficult since temporal correlation, typical for water quality data, can artificially deflate p values (thus inflating Type I error rates, see Brockwell and Davis, 1991) . To provide robustness we considered both parametric and nonparametric methods and used the sieve bootstrap (Bühlmann, 1997) to determine p values. In this method, the residuals of a fitted model are prewhitened with an autoregressive model (thus removing autocorrelation) and then resampled for inference. The sieve bootstrap works for many temporal correlation structures (Kreiss et al., 2011) and generally performs better than the block bootstrap or theoretical distribution (Choi and Hall, 2000) . For reference, we also report p values based on theoretical distributions but note the results may be misleading; this is particularly true with the nonparametric Mann Kendall test since the distribution does not account for autocorrelation (Hamed et al., 1998; Yue and Wang, 2002) . One of our goals was to assess how trends have changed over time, in particular how overall trends compare with those from the first 13 yr of our study, as reported in Renwick et al. (2008) . Therefore, we also use a regression model with seasonal effects and an adequate autoregressive moving average (ARMA) process (Fisher and Gallagher, 2012) , the approach used in Renwick et al. (2008) , to determine trends (Burkholder et al., 2006) . These analyses were performed on the 1994 to 2006 segment and on the full 21-yr dataset to compare with prior results. Details on the analyses are in the supplemental material.
Results
Over the past three decades, land use (e.g., cropland, grasspasture, forest, developed) in the UFMC watershed has been relatively stable. However, land planted in corn and soybeans has increased (Supplemental Fig. S4 ) with a corresponding decrease in other crops, a trend that has occurred throughout the upper Midwest (Specht et al., 2017) . Conservation tillage increased dramatically in the 1990s in the UFMC, from <15 to >60% of arable cropland (Supplemental Fig. S5 ). From 2001 to 2014, the percentage of land in conservation tillage has varied but has averaged 62% (range = 33-78%), with a much higher proportion of soybeans (mean = 89%) in conservation tillage than corn (mean = 43%). The number of hogs declined by ~45% from 1990 to 2002 but has increased somewhat since (Supplemental Fig. S4a ).
Apparent trends in fertilizer use are mixed. Data for Preble County suggest a ~50% decline in both N and P fertilizer deliveries in the 1990s, but no consistent trend since (Supplemental Fig. S4b ). Statewide P sales declined a similar amount in Ohio between 1975 (Ohio EPA, 2013 . However, while these trends are suggestive, we do not know whether fertilizer delivered to Preble County distributors was actually applied to fields within the county, nor whether fertilizer is applied in the year of delivery. State-level survey data (USDA-Economic Research Service, 2017) suggest that fertilizer use rates for N and P (not including manure) on corn in Indiana and Ohio have not changed very much in the last two or three decades, although there has been a modest but significant increase in P fertilization on soybeans (P = 0.019) (Supplemental Fig. S4c ). Survey data on manure management suggest that 5 to 10% of fields in Ohio receive manure, with most derived from dairy cattle, which are small in number in Preble County. On the other hand, with ~48,000 hogs in Preble County, we estimate the total amount of P in hog manure produced in the county as ~180 metric tons yr −1 (supplemental material), as compared with recent commercial fertilizer deliveries to the county of ~1000 metric tons P yr −1 . Based on discussions with staff at the Preble County Soil and Water Conservation District, most manure is spread on farmland very close to the feeding operations that produce it.
Stream Flow
Mean annual runoff in the UFMC watershed averaged ~0.41 m in depth, or 1.62 m 3 s −1 for Four Mile, 1.05 for Little Four Mile, and 0.22 for Marshall's Branch. High flows may occur at any time, but on average, the period of highest flow is March to June, whereas August to November has low flows (Supplemental Fig. S6 ).
Nutrient and Sediment Concentrations
The dataset contains an average of 5066 samples for each constituent-stream pair, or 242 sample-constituent-streamyear combinations over 21 yr (Table 1) . For a given stream-constituent pair, there were an average of 2.14 mo yr −1 in which we collected no samples, both because of zero flow and equipment problems. Most periods without flow were in late summer and autumn. Concentrations of individual samples were highly variable for all constituents in all three streams, ranging about three orders of magnitude for NO 3 , NH 4 , and SRP and about four orders of magnitude for SS (Fig. 1) . In general, the three streams behaved similarly over time, with some exceptions. For example, NO 3 showed similar patterns in all streams through 2006, but subsequently increased in Marshall's Branch but declined in the other two streams. In Four Mile, SS concentrations rose after 2008, while the other two streams generally show declines.
Long-term Linear Trends
Concentrations of all four constituents decreased when considering the entire study period , after accounting for variation due to stream discharge and seasonality (Table 2) ; however, many trends apparently were not monotonic (Fig. 2) . All of the 12 stream-constituent combinations have negative trend coefficients, although only five are clearly significant (P < 0.05). Trends in NH 4 concentrations are the most consistent across our three streams over the 21-yr period, and NH 4 , NO 3 , and SS all declined significantly (P < 0.05) in at least one stream. In contrast, the SRP decrease is not significant, contrasting with our findings over the first 13 yr (Table 2 ; Renwick et al., 2008) . Thus, SRP has apparently increased over the second decade or so of our study period. When the trend coefficients are weighted by the relative contribution of each stream to total streamflow of the UFMC watershed, they indicate declines of 3.39, 5.30, 1.15, and 3.90% yr −1 for NH 4 , NO 3 , SRP, and SS, averaged over the 21-yr period (Table 2) . However, because linear trend coefficients averaged over the entire period can mask important trend changes over the study period, we also examined changes in trends using LOWESS regressions.
In all three streams, NH 4 concentrations (controlling for discharge) gradually decreased from 1994 until around 2002 to 2004, increased until around 2005 to 2008, then declined afterward (Fig. 2) . In Little Four Mile, the temporary increase is relatively strong owing in part to 1 mo (October 2007) when we have only a single sample with very high concentration (6.72 mg L −1 ), more than double the next highest concentration. We did not remove this point from the analysis because it occurred during a small flow event in an otherwise dry period, we can find no reason to think that the measurement is not valid, and we observed increased concentrations in all streams during this general period. The decrease in concentrations resumed after this, such that in all three streams, concentrations at the end of the study period in 2014 were lower than those at the beginning.
Nitrate concentrations declined significantly (P < .05) in all three streams over the 21 yr (Table 2, Fig. 2 ). Over the first 13 yr, the decrease was slow and not significant in Four Mile and Little Four Mile, and the NO 3 trend was the weakest of the four constituents measured (Renwick et al., 2008) . However, over the entire 21 yr, NO 3 shows the strongest trend in terms of percentage decline, and the decline is significant in all three streams (Table 2 ). In Four Mile and Little Four Mile, the 21-yr trend is driven by large declines since the mid-2000s, whereas in Marshall's Branch, the decrease began earlier, around 1995. Seasonal variation in NO 3 is large; dry-season (late summer and autumn) concentrations are often one to two orders of magnitude lower than those from winter through early summer (Supplemental Fig S7) .
The most striking decreases in concentrations over the last 10 to 12 yr were in summer-autumn, but winter-spring concentrations also declined ( Fig. 1-2) . Compared with the other two streams, concentrations are more variable in Marshall's Branch, where concentrations increased after 2005. Soluble reactive P concentrations declined strongly over the first 13 yr, and significantly in two streams (Renwick et al., 2008) . However, SRP has increased since about 2004 (Fig. 2) , such that for the 21-yr period there is no significant overall change in SRP in any of the three streams (Table 2) .
Suspended sediment concentrations declined significantly in Little Four Mile (P = 0.0553 bootstrap, P < 0.05 theoretical) and Marshall's Branch (P < 0.01) over the 21-yr period. In Four Mile, a strong decline through around 2008 was reversed in the last 3 yr of the record, resulting in no significant net change in SS over the 21-yr period.
Discussion
Our study area includes several hundred individual crop fields, managed by several tens of farm operators (supplemental material section on watershed land use and management). Thus, water quality at the watershed scale derives from many different land use or land management units, spread across a heterogeneous soil or topographic landscape with spatially variable weather patterns, and with substantial year-to-year variation. We have estimates only of aggregate management practices, and so we cannot attribute specific water quality patterns to specific causes. Nonetheless, we can propose some mechanisms regarding the drivers of the observed changes. Long-term data (i.e., over multiple decades) on the response of stream nutrient and sediment concentrations to changes in agricultural practices are scarce, but studies on Lake Erie tributaries are exceptional in terms of study length and comprehensiveness. Because of this, and because some agricultural practices have changed similarly in the Lake Erie and UFMC watersheds, we explicitly compare our results with those, as well as with other studies.
Except for a recent increase in Four Mile, SS concentrations declined consistently over the 21-yr period, consistent with decreases in soil erosion resulting from conservation tillage (Kleinman et al., 2011) . The trends we observed are generally consistent with those in Lake Erie tributaries, where concentrations of SS and particulate P declined over multiple decades as conservation tillage increased (Richards and Baker, 2002; Baker et al., 2014) .
Long-term data on the response of NH 4 are scarce compared with other constituents, but our trends appear consistent with those in the Lake Erie watersheds. In those watersheds, trends in NH 4 per se were not reported, but total Kjeldahl N (which consists of NH 4 plus organic N, but not NO 3 ) declined significantly from 1975 to 1995, perhaps because of decreased manure and fertilizer applications (Richards and Baker, 2002) . The patterns we observed could also be due to improved fertilizer use efficiency and reduced manure sources due to the decline in the number of hogs (Supplemental Fig. S4a ). Ammonium declined significantly over the 21-yr period in two streams, (Table 2 ) and the decline in the third stream (Little Four Mile) is significant (P < 0.01) if we omit the single high concentration in October 2007. However, a distinctive trend is the increase in concentrations in the middle of our study period in all three streams. Livestock operations are a common source of NH 4 , and changes in manure handling may have contributed to this. Nitrogen and P fertilizer prices increased in this period, especially between 2007 and 2008 (Supplemental Fig. S8 ). This may have caused farmers to use more manure in place of synthetic fertilizers, potentially contributing to increased NH 4 concentrations. In addition, the number of hogs increased from 2002 to 2011, although we do not have data beyond 2011 (Supplemental Fig. 4a) . Another possible explanation for NH 4 declines is increased crop yields per unit N fertilizer applied. Preble County corn yields increased on average by ~1% yr −1 between 1990 and 2015, whereas N fertilization application rates on corn grew at only ~0.5% yr −1 (Supplemental Fig. S9) . Thus, the proportion of N removed in crop harvest has grown, possibly reducing the N flux to streams.
Nitrate concentrations changed only slightly early in our study but declined significantly in the latter part, (Table 2) especially during summer and autumn, which are typically when streamflow is lowest (Supplemental Fig. S6 ). Conservation tillage may increase N volatilization from soil (Liu et al., 2007; Abdalla et al., 2013 ; but see Grandy et al., 2006) . Declining atmospheric N deposition may also be a factor. Nitrogen deposition rates measured <10 km from our gaging stations (Oxford, OH, site; http://nadp.sws.uiuc.edu/), are 4 to 7 kg ha −1 yr −1
, and have declined by 1 to 2 kg ha −1 since the late 1990s (Supplemental Fig. S10 ). This reduction amounts to 5 to 15% of the sum of atmospheric deposition plus fertilization and is thus too small to account for the observed decline in stream NO 3 , although it certainly may have contributed (see supplemental material).
A more likely explanation for decreased NO 3 concentrations is increased denitrification in soils under reduced tillage (Mkhabela et al., 2008; Melero et al., 2011; Tatti et al., 2015; García et al., 2016) . This is perhaps due to increased organic matter, increased moisture, and decreased O 2 availability in soils, conditions that enhance denitrification rates and thus reduce leaching of NO 3 to shallow groundwater (Rekha et al., 2011) . Whatever the mechanism(s) accounting for the acceleration of NO 3 declines in our streams, they agree generally with trends in the Maumee River in the Lake Erie watershed, where NO 3 concentrations actually increased between 1980 and 1990, when conservation tillage increased, but then declined rapidly over the next ~20 yr when the use of conservation tillage was common but stable (Stow et al., 2015) .
The period of greatest decline in SRP concentrations from 1994 to 2000 coincides with the major increase in conservation tillage. The trends we observed for SRP (and SS) are very similar to those in tributaries to Lake Erie in relation to changes in conservation tillage (Fig. 3a) . For example in the Maumee River, SRP declined substantially in the first decade or so of the study, as conservation tillage became more prevalent, but subsequently increased as conservation tillage stabilized (Richards and Baker 2002; Baker et al., 2014; Stow et al., 2015) . Similarly, in our study, streams SRP concentrations declined as conservation tillage increased over the first ~10 yr and then subsequently increased. The declines in SRP were steeper in our study watersheds than in the Maumee, but the subsequent increase was more pronounced in the Maumee (Fig. 3b) . Note that trends in SS concentration also showed similar dynamics in our watershed and in the Maumee, with relatively rapid declines in the first decade followed by more moderate declines thereafter (Fig. 3c) . As with SRP, the SS decline was more rapid in our watersheds than in the Maumee.
One likely explanation for the increase in SRP after long-term implementation of conservation tillage is soil P stratification (Sharpley, 2003; Kleinman et al., 2011; Baker et al., 2017) . After many years of reduced tillage, P applied to the soil surface (as fertilizer or manure) does not mix with deeper soil layers. Rather, P becomes concentrated at the surface in dissolved form and is highly susceptible to surface runoff. In addition, shallow subsurface export of P may increase under long-term reduced tillage due to an increase in soil macropores (e.g., from earthworms) (Suárez et al., 2004; Heathwaite and Dils, 2000; Kleinman et al., 2011 , Smith et al., 2015 .
In most agricultural watersheds, including our study sites and those draining into Lake Erie, SS is a major source of particulate P. Although we did not measure particulate P directly, we estimated it from SS concentration, with which it is highly correlated (r 2 = 0.673 to 0.844 depending on stream; Vanni et al., 2001 ). In our study period, particulate P declined significantly in Marshall's Branch, but not significantly in Little Four Mile or Four Mile (Supplemental Fig. S11 ), corresponding to declines in SS (Table 2) . Trends in total dissolved P (which is mostly SRP) as a fraction of total P are consistent with trends in SRP and SS. Thus, all three streams show initial declines in the ratio of total dissolved to particulate P, followed by increases later in the study period (Supplemental Fig. S11 ).
The differential dynamics of dissolved versus particulate P present a challenge. A major incentive for implementing conservation tillage is to reduce soil erosion, and thus the export of SS and particulate P to water bodies (Kleinman et al., 2011) . However, the increase in dissolved P that occurs under longterm conservation tillage, as observed in our study, the Lake Erie watershed (Baker et al., 2014 , Stow et al., 2015 and small watersheds in the Canadian prairie (Tiessen et al., 2010) , suggests that total P export to water bodies may either increase or decrease due to long-term conservation tillage. Also, increased dissolved P export can promote algal blooms because of its greater bioavailability compared with particulate P (Baker et al., 2014; Stow et al., 2015) . This suggests that reduced tillage presents a potential tradeoff between reducing soil erosion (and associated particulate P) versus increasing dissolved P export; thus, an intermediate level of tillage may optimize water quality (Sharpley, 2003; Kleinman et al., 2011) . These complex trends also point out the need for additional long-term studies that quantify trends in tillage, dissolved and particulate P export, and the response of downstream ecosystems.
Consolidation of hogs in a small number of large operations may also be a factor in increased SRP concentrations in our streams. Large quantities of manure are generated in a few facilities, but transportation costs and other factors may be barriers to transportation to distant fields (Leibold and Olsen, 2017) . Therefore, soils near manure sources may receive large amounts of P and thus may become major sources of P to water. The major hog production facilities in our study area (visible in aerial imagery) are in the Four Mile and Little Four Mile watersheds, where stream SRP concentrations have been steady or increasing over the past 12 to 13 yr (Fig. 2) . In contrast, the Marshall's Branch watershed does not contain any large hog-feeding facilities, and SRP concentrations have continued to decline, although not significantly (Table 2) .
Reducing agricultural sources of pollutants poses a major challenge because of the complexity and heterogeneity of watershed processes, climatic variation, and potentially conflicting management strategies (Kleinman et al., 2011) . Our 21-yr study reveals that trends in stream sediment and nutrient concentrations vary greatly over time and among constituents, in association with pronounced changes in agricultural practices. Because N, P, and sediments respond differently to agricultural changes, the best management strategy in terms of water quality improvement may differ considerably for these constituents. Furthermore, there is no assurance that if a given management practice produces a particular outcome in the short term, that outcome will persist in the longer term. Such complex dynamics are important for downstream ecosystems. In Acton Lake, downstream of our study streams, phytoplankton biomass actually increased during the period when conservation tillage increased (Kelly et al., 2018) , despite lower P concentrations in streams. During this time, interannual variation in precipitation and runoff resulted in only a subtle (and not statistically significant) decline in SRP load to the lake, despite lower concentrations in streams. Kelly et al. (2018) attributed the phytoplankton increase to decreased concentrations of inorganic SS in the lake (thereby providing more light for photosynthesis) and increased biomass of, and hence P excretion by, sediment-feeding fish, which is a significant source of P to lake phytoplankton (Vanni et al., 2006) . More recently, Acton Lake phytoplankton show an increased severity of N limitation, relative to P limitation (M.J. Vanni, unpublished data, 2017) , consistent with the recent declines in NO 3 and increases in SRP in streams that we show here. More generally, the response of downstream lakes will reflect the temporal dynamics of stream N, P, and sediment concentrations as they change with agricultural management practices. However, lake ecosystem responses may also be modulated by in-lake processes such as nutrient cycling. Because of these complexities and temporally variable dynamics, long-term studies such as ours need to be combined with smaller scale mechanistic studies (e.g., in agricultural plots or at the edge of fields) and assessment of downstream ecosystems to comprehensively understand the consequences of agricultural management activities at the decadal timescale.
Supplemental Material
The supplemental material includes detailed data on tillage trends, analytical and statistical methods, watershed land use and management, tillage, P content of manure, stream flows through the study period, seasonal patterns in NO 3 concentrations, fertilizer prices, N fertilizer efficiency, atmospheric N deposition, and soluble and particulate P concentrations in streams. 
